v' This study involved 57 patients with benign extrameduUary tumors of the foramen magnum (19 neurinomas, 37 meningiomas, and one teratoma), who were operated on between 1957 and 1976. The 37 meningiomas represented 3.2% of 1139 meningiomas of the neuraxis. The initial neurological examinations of about half of these patients were unremarkable. The clinical presentation of tumors of the foramen magnum frequently mimics multiple sclerosis, cervical spondylosis, intramedullary tumor, syrinx, carpal tunnel syndrome, and even normal-pressure hydrocephalus. All operations were performed through a posterior approach, and two surgical deaths (3.5%) were recorded. No surgery for recurrence of tumor was recorded. The follow-up review of 56 patients (98.2%) showed good functional results if the tumor was detected before severe neurological deficits occurred. The possible mechanism of the sensory symptoms and muscle atrophy of the hands is discussed, and the electromyographic findings are reviewed.
I y 1929, Elsberg and Strauss 14 found six (3.2%) extramedullary tumors of the foramen magnum region in 185 tumors of the spinal cord. The first extensive study of benign and malignant, intramedullary and extramedullary tumors in the foramen magnum region by Love, et al.? ~ revealed that 40% were surgically treatable extramedullary tumors and that benign extramedullary tumors with a good prognosis are much more frequent than are malignant extramedullary tumors.
Significant early contributions to the study of the clinical findings in benign extramedullary tumors in this region are those of Abrahamson and Grossman ~ and Elsberg and Strauss.14 Since these early studies, benign extramedullary tumors in the region of the foramen magnum have been of special interest to neurologists, neurosurgeons, and neuroradiologists for the following reasons. First, the tumors are likely to be unrecognized until serious and often tragic neurological sequelae occur, because early complaints include such ubiquitous symptoms as neck pain or dysesthesia of the hands. Second, even at the stage when serious neurological deficits are present, the lesions are often misdiagnosed as another disease, especially cervical spondylosis and multiple sclerosis, and patients may undergo improper conservative or even surgical treatments. Third, the tumors are notable exceptions to the diagnostic rule that long-tract signs or focal signs accurately identify the anatomical site of tumors. 9 Fourth, incomplete myelographic studies with contrast medium leading to negative results and misdiagnosis are not infrequent, and thorough myelographic study high up into the foramen magnum anteriorly and posteriorly is mandatory in order to avoid misdiagnosis.
The bizarre symptoms produced by these tumors were emphasized by Symonds and Meadows, 32 and several recent reports ~e,x7,2a have mentioned the pitfalls in the diagnosis of foramen magnum tumors. General discussions reviewing more than 20 cases of benign extramedullary tumors are found only in the works by Love, et al., la Dodge, et al., TM and Stein, et al. 3~ Emphasis is on the pathological classification in the first report, on the general findings in the second, and on the radiological features in the third. Our report includes a detailed analysis of clinical findings in 57 patients with tumors at the foramen magnum.
Summary of Cases

Clinical Material
From 1957 to 1976, 57 surgical cases of benign extramedullary tumors at the foramen magnum were seen at the Mayo Clinic: 37 were located anterior to the cord, 11 (19.3%) were posterior to the cord, and 12 (21.1%) were mainly on the lateral aspect of the cord. There was only one C-1 neurinoma, as compared with 18 neurinomas of the C-2 nerve root, the difference possibly being because of the anatomic dominance of the C-2 over C-1 nerve root. The ratio of males to females was 2 to 3. The distribution of the patients' ages at onset ranged from 12 to 73 years. The ages of the patients with neurofibromas accompanied by von Recklinghausen's disease ranged from 12 to 57 years, the median being 22, whereas the ages of patients with meningiomas ranged from 31 to 73 years, the median being 51 years (Table 1) . Six patients had multiple tumors; five of these had von Recklinghausen's disease ( Table 3 ). In the early stages, these two symptoms often were overlooked or were misinterpreted as representing other diseases. Other presenting symptoms were gait disturbance, incoordination or clumsiness of the hands, weakness of the extremities, and bladder disturbances (Table 4 ). Nausea and vomiting and dysphagia were infrequent. Dysesthesia. Numbness and a tingling sensation in the hands and fingers were recorded in 54 cases (94.7%), and were the most frequent complaints. These symptoms were of gradual onset and generally were of a constant nature. The tingling started on one side of the hands or fingers, then migrated to the opposite side. Less frequently, one or both feet were involved (21 cases, 36.8%). The numbness and tingling sensation often were present for a long time before severe neurological deficits were manifest, being misinterpreted as other diseases or as of functional origin. Cold dysesthesia has been reported as a characteristic symptom of foramen magnum tumor. ~,1S Seven of our patients had cold dysesthesia in the hands or fingers, and this was less common than the tingling sensation or numbness. A hot, burning sensation was a complaint of four patients. Dysesthesia in the face was much less frequent and probably was secondary to an irritative process of the sensory spinal tract of the trigeminal nerve.
Pain in Neck and Suboecipital Region. Pain in the posterior cervical region or the suboccipital region was the next most common symptom, occurring in 43 eases (75.4%). The pain was gradual in onset, described as steady aching or sometimes pounding, and occurred in one or both sides of the neck. Although there were several exceptions, the pain in the cervical region most often extended to the occipital, parietal, or retroauricular region along the course of the nerve root of C-2, which was involved by the tumor. This pain was different from the neck pain secondary to cervical disc protrusion or spondylosis, in which the pain extended to the shoulder or arm. A Valsalva effect of pain was noted in 10 patients.
Clumsiness or Awkwardness of Hands and Astereognosis. Aggravation of fine movement of the hands and astereognosis were noted in 24 patients (42.1%), that is, difficulty with buttoning clothes and shuffling cards, deterioration of handwriting, and difficulty in telling the content of one's purse without looking into it. These symptoms occurred before weakness or hypethesia was manifest, and results of neurological examination at this point usually were essentially negative, except for indicating minimal weakness or sensory loss in the hands.
Others. Bladder disturbance was a complaint of 19 patients. If bladder disturbance occurred with gait and mental disturbance, the differential diagnosis from normal-pressure hydrocephalus was necessary. Twentyseven patients (47.4%) complained of "unsteady" gait, "loss of control" of feet, weakness of legs, or difficulty in walking on rough terrain. These were usually the combination of ataxic gait and spastic gait. "Leg jumping" (flexor spasm) or "jerking" was a complaint of nine patients, but it was seldom prominent.
Neurological Findings
Ten patients had yon Recklinghausen's disease. These patients were excluded from the following neurological analysis because of the multiplicity of the neurofibroma in the neuraxis. At the first neurological examina- tion of the 47 other patients, the results of examination were normal in 12 cases (25.5%), showed only minimal motor deficits in four (8.5%), showed minimal sensory deficits in two (4.3%), and showed only hyperreflexia in four (8.5%). In 11 of these 22 patients, the neurological examination was repeated after 3 or 6 months of the follow-up period because of the unremarkable findings at the first examination. The results of the final examination before surgery are summarized in Table 5 .
Weakness of Extremities.
At the neurological examination before surgery, 15 patients had no motor deficits, 12 patients had minimal-to-severe weakness of all four extremities, seven had hemiparesis or hemiplegia, six had monoparesis of an upper extremity, and six had paraparesis of the upper extremities. No patient had monoparesis or paraparesis of the lower extremity. One patient had weakness of all the extremities except one leg. In our series, no patients had weakness of both lower extremities and one upper extremity. In most patients with hemiparesis and tetraparesis, the upper extremities were weaker than the lower extremities. The five patterns of weakness found at the preoperative examination and the possible mode of progression are shown in Fig. 1 .
Sensory Loss. Twelve patients had no sensory finding on neurological examination. As with motor deficits, sensory loss was usually more prominent in the upper extremities than in the lower extremities. Eleven patients had loss of pain and temperature sensation localized in one or both upper extremities, one had the loss localized in one extremity, and two had the loss in both lower extremities. Hypalgesia of the C-2 region was noted in 16 patients (34.0%). This fact offered an important clue that a foramen magnum tumor was the cause of the neurological findings. The dissociated sensory loss, which is characteristic of intramedullary lesion, especially syringomyelia, was observed in 11 patients (23.4%). Sensory loss below C-5 was noted in seven patients (14.9%). Seven patients (14.9%) also had a "cape distribution" of sensory loss, thus suggesting central cervical involvement rather than superficial cervical cord impairment. The Brown-S6quard syndrome was found in 11 patients.
Increased Deep Tendon Reflex. Thirtynine patients had increased deep tendon reflexes. In one the increased deep tendon reflex was localized to the lower extremities only, whereas in the 38 other patients, the increased deep tendon reflex was in both upper and lower extremities. Babinski's sign was present in 27 patients: bilaterally in 16 and unilaterally in 11.
Gait Disturbance. Four patients were unable to walk, and 15 patients had ataxic or spastic gait, although 27 patients complained of difficulty in walking.
Nystagmus.
Five patients had horizontal nystagmus, and one had upbeating vertical nystagmus. No patient had downbeating vertical nystagmus/,8 Cranial Nerves. Palsy of the 1 lth cranial nerve was most frequently encountered (15 patients). Other cranial nerve involvement was extremely rare (9th nerve in two patients, 10th nerve in one, 12th nerve in two). Other Findings. Three patients had Horner's syndrome. No patient had cerebellar signs or papilledema.
Diagnostic Test Results
Myelography. The significance of a complete study with contrast medium through the foramen magnum has been stressed by several authors? ,~~ Because the highest level of sensory deficits is sometimes below C-5, contrast studies should be carried through the foramen magnum in all patients suspected of having a cervical cord lesion. This test should be performed with the patient supine if the lesion is not clearly outlined with the patient in the prone position. Before evaluation at our clinic, 10 patients had already undergone contrast myelography in other hospitals, without the diagnosis of foramen magnum tumor being made.
Cervical Spinal Column Roentgenograms.
Films of the cervical spinal column of 52 patients were obtained and were normal for 17; six patients had enlargement of an intervertebral foramen, 26 patients had cervical spondylosis, and three patients had miscellaneous findings.
Electromyography. The electromyographic findings in 12 cases of foramen magnum tumor were reviewed; the electromyograms (EMG) of three patients with von Recklinghausen's disease were excluded because of the multiplicity of the neurofibroma. The electromyographic findings were normal for seven patients. Abnormal findings were recorded only in the sternocleidomastoid and trapezius muscles of one patient (Case 10) and only in the upper cervical paraspinal muscles in another (Case 46). The EMG of one patient (Case 45) was interpreted as being compatible with upper motor neuron involvement. The EMG of two patients (Cases 7 and 51) showed large motor unit potentials in the distribution of C-7 and C-8 or C-8 and T-I, with fibrillation potentials in paraspinal muscles at the T-1 level in one (Case 7) and without abnormality in the paraspinal muscles in the other (Case 51). One of the patients (Case 7) did not have muscle atrophy of the hands, and the other (Case 51) had hand muscle atrophy.
Cerebrospinal Fluid Study. The cerebrospinal fluid (CSF) of 55 patients was studied. Modest to marked elevations of total protein ranged from 50 to 1290 mg/dl, with a median of 89 mg for 49 patients (89.1%).
Computerized Tomography. Computerized tomography (CT) of the head was performed on four patients to exclude the possibility of a supratentorial mass in the presence of hemiparesis or of disturbance in stereognosis. In one patient, CT revealed a communicating hydrocephalus, and, in the other three, scanning showed no abnormality.
Angiography. Vertebral angiography was performed in one case, and the results were normal. Although several cases of vertebral artery aneurysms that simulate foramen magnum tumors have been reported, the patients in those reports usually had histories of subarachnoid hemorrhage. 6,~2
Differential Diagnosis
The differential diagnosis at the first neurological examination at our clinic involved many diseases (Table 6 ). Because of the protean clinical presentation of this tumor, the differential diagnosis is important.
Cervical Spondylosis.
Degenerative changes in the cervical spinal column are common in middle and late life. ~5 Because most patients with foramen magnum tumors are more than 40 years of age, degenerative change of the cervical spinal column is the most frequent roentgenographic observation in these patients. In our series, 26 patients (45.6%) had mild-to-severe degenerative changes of the spinal column. Pain in the neck and dysesthesia in the arms and lower extremities are common symptoms of cervical spondylosis. But in the latter with nerveroot involvement, pain in the neck extends down the shoulder and arm, in contrast to that seen in a foramen magnum tumor in which the pain usually extends up to the occipital or retroauricular region, along the C-2 nerve root.
Myelography should be carried out through the foramen magnum level even in the patient in whom cervical spondylosis is the most likely diagnosis.
In our series, nine patients had undergone cervical traction or surgical therapy (laminectomy and anterior fusion of the spinal column) at other institutions, with a diagnosis of cervical spondylosis or disc protrusion, before the tumor was visualized by myelography. Positive findings on a roentgenogram of the cervical spinal column in an elderly person should not by themselves lead to the diagnosis of cervical spondylosis.
"Spinal" Multiple Sclerosis. At the first interview, I0 patients with foramen magnum tumor were believed to have multiple sclerosis. Neck pain favors the diagnosis of a mass lesion rather than a degenerative process. In foramen magnum tumors, a fluctuating, relapsing, and remitting clinical course can mimic multiple sclerosis, 1,' but it was less frequent in our series than expected (three cases, 5.3%), and the usual clinical course is progressive.
Syringomyelia. Syrinxes in the cervical region are associated with atrophy of hand muscles. A dissociated type of sensory loss, which is often considered to be a characteristic sign of syringomyelia or hydromyelia, is not uncommon in patients with foramen magnum tumor (11 cases, 23.4%). Examination of the patient with syringomyelia reveals loss of deep tendon reflex of the involved segment of the upper limb rather than hyperreflexia, as is usual in foramen magnum tumors.
Intramedullary Tumor. Intramedullary tumor of the cervical spinal cord is relatively uncommon in older people. As in syringomyelia, the differential diagnosis is very difficult without myelography using contrast medium.
Type I Arnold-Chiari Malformation. In Type I Arnold-Chiari malformation, the patient may remain asymptomatic until adult Carpal Tunnel Syndrome. The carpal tunnel syndrome causes numbness or tingling sensation in one or both hands, similar to the dysesthesia seen in the early stage of foramen magnum tumor. A tentative diagnosis of carpal tunnel syndrome was considered at the first examination of three patients whose neurological examination was essentially negative except for subjective complaints of dysesthesia. One patient was operated on for carpal tunnel syndrome and had an anterior fusion prior to the establishment of the correct diagnosis. The development of long-tract signs found on follow-up examination and negative findings on an EMG excluded the diagnosis of carpal tunnel syndrome.
Normal-Pressure Hydrocephalus. Of the four patients who underwent CT scans of the head before operation, one had a communicating hydrocephalus. Findings in a pneumoencephalogram (PEG) also were compatible with that diagnosis. Because this patient also had gait disturbance, mental impairment, and bladder disturbance, the mis-diagnosis of normal-pressure hydrocephalus was made. Neck pain, dysesthesia, and even minimal sensory loss should not be dismissed as being insignificant.
Other Diseases. Other neurological diseases, such as subacute combined degeneration, amyotrophic lateral sclerosis, and basilar impression, also must be differentiated.
Operation
Tumors were removed through the posterior approach, with partial suboccipital craniectomy and cervical laminectomy. Although the transoral approach has been successful for some authors, 2' macroscopic total removal was possible in all patients without the employment of the anterior approach, even in the patient with a meningioma situated anterior to the spinal cord.
In three patients who were tetraplegic, prophylactic tracheostomy was performed before the removal of the tumor in order to prevent postoperative respiratory distress. Two operative deaths occurred. One patient died of cardiac arrest secondary to malignant hyperthermia during surgery; this patient already had undergone two operations at other institutions for "cervical spondylosis." Another patient died of respiratory arrest that was present before surgery. One patient had postoperative extradural hemorrhage that required reopening of the wound. No other postoperative complication was recorded.
No respiratory trouble occurred after surgery. Dysphagia was not detected in any patient after surgery. One patient aspirated food during a meal 30 days after surgery, without having prior dysphagia; this patient was receiving physical therapy for a residual gait trouble. Postoperative neurological examination showed improvement of the neurological state in all but one patient; this patient had aggravation of ataxia and sensory loss of the left side of the face and right leg after surgery. If patients did not have severe deficits before surgery, complete recovery followed in from 6 months to 1 year after the operation. No operation for the recurrence of tumor has been recorded.
Follow-Up Results
Follow-up information was obtained on 56 of the 57 patients; there were 10 deaths, including the two patients who died in the hospital. Of the eight patients who died outside the hospital, five died from other diseases (such as cancer and stroke), one died from a problem related to the tumor, and two died of causes that were unknown. The maximum period from surgery to death was 14.2 years. Forty-six patients were alive at their last follow-up examination, a period that ranged from 1 to 19.6 years, with a median of 10.2 years. Of the 46 patients, 34 could carry out normal daily activities, six had some difficulty with daily life, and six had very limited daily activities. No patient was totally incapacitated or bedridden.
Discussion
The ratio of neurinoma to meningioma (19:37) in our series was larger than that previously reported by Dodge, et al. (4:26) . TM The foramen magnum meningiomas accounted for 3.2% of 1139 meningiomas of the brain and spinal cord encountered at our clinic between 1957 and 1976.
The clinical appearance of foramen magnum tumor is protean, and there is no clinical finding that makes the definitive diagnosis of this type of tumor. The most typical clinical course of foramen magnum tumor is as follows. In the early stage, pain in the neck or suboccipital region and dysesthesia of upper extremities develop, followed by clumsiness of the hand or by stereoanesthesia. Results of a neurological examination at this stage are usually normal. Surprisingly, the first neurological examinations of about half of our patients were unremarkable. In the advanced stage, gait and bladder disturbance and weakness of all extremities occur. Neurological findings suggesting intramedullary process are not uncommon in the advanced stage, that is, dissociated sensory loss, "cape distribution" of hypalgesia, and weakness limited to or more pronounced in the upper extremities than in the lower extremities.
In summary, the clinical features of foramen magnum tumor could be divided into two stages. In the early stage, the clinical findings are similar to those of cervical spondylosis and, in the advanced stage, the neurological examination is often suggestive of an intramedullary lesion rather than an extramedullary one (that is, intramedullary cord tumor, syrinx, or degenerative disease).
The importance of examining the hypalgesia of the C-2 region and the 1 lth cranial nerve palsy cannot be overemphasized, because these two signs, although not frequent, are reliable localizing signs. The two main sensory symptoms of foramen magnum tumors are astereognosis or clumsiness of the hands (42.0%) and dysesthesia of upper extremities (94.7%).
Cushing x~ was probably the first to emphasize that not only parietal tumors but also posterior fossa tumors may cause astereognosis. Although his suggestion was received with skepticism at that time, several authors 5,26 have confirmed that intramedullary and extramedullary tumors at the foramen magnum level caused astereognosis, which is distinguishable from astereognosis caused by a parietal lobe lesion in the absence of other signs of parietal lobe dysfunction, such as extinction or agraphesthesia. When the lesion responsible for astereognosis is not situated in the parietal lobe, the use of the term "stereoanesthesia" has been suggested. 5,15 Both sensory symptoms, "stereoanesthesia" and dysesthesia, are probably due to the compression or interference with the vascular supply of the posterior columns, their nuclei, and the medial lemnisci. Degeneration study of the cuneate nucleus s~ revealed that the largest areas of terminal degeneration in the cuneate nuclei secondary to rhizotomy are those related to dorsal roots C-5 through T-1. These large areas in the cuneate nuclei corresponding to the upper extremity are probably more vulnerable to compression and ischemia caused by the tumor than are the other smaller areas corresponding to C-1 through C-4 and T-2 through T-6, resulting in the above two sensory symptoms in the early stage of the disease.
Many discussions have concerned the mechanism by which atrophy of the intrinsic muscles of the hands is produced, 9' 18' 3~ and the mechanism is still uncertain. These muscles are innervated by the spinal cord segment well below the level of the foramen magnum tumor. The most probable mechanism is that of interference by the tumor with the descending arterial supply to the anterior horn cells of the lower cervical cord. The best clues to this controversial problem could be given by the autopsy and electromyographic findings.
Stein, et al., 3~ described two patients who had foramen magnum tumor with atrophy of 836 the small muscles of the hands. At autopsy in their first case, cross section of the spinal cord showed softening and cavitation of the central region involving the cervical region most severely, but virtually the whole length of the spinal cord also was involved. This finding was inconclusive because of a wound infection and meningitis after the first surgery and the interruption of the vertebral artery at the second surgery. At autopsy in their second case, the tumor was found incidentally, without surgical intervention. Microscopic preparations showed extensive anteroposterior flattening with degeneration and loss of anterior horn cells of C-1 without demyelination. The lower cervical region, which innervates the intrinsic muscles of the hands, was normal. The pathological findings in the second case are contrary to the hypothesis of interference with the descending arterial supply to the anterior horn cells of the lower cervical cord.
The EMG is helpful in assessing the involvement of the anterior horn cells. The EMG of patients with atrophy of the hands should show the same findings as the EMG of patients with anterior horn cell disease, if it is due to local cord disease. Liveson, et al., TM described a 72-year-old woman with atrophy of the intrinsic muscles of the left upper extremity in whom the EMG revealed fibrillation potentials and positive sharp waves in the muscles of the forearm and hands. Cohen and Macrae 9 reported that electric evidence of denervation was found in one of their patients, thus favoring the hypothesis of anterior horn cell damage in the lower cervical cord.
In our series, atrophy of the intrinsic muscles of the hands was less frequent (eight cases, 17.0%) than in the report of Stein, et a/. 31 (52%). Of the eight patients with handmuscle atrophy, two had generalized muscle atrophy in both upper and lower extremities and six had atrophy localized to the hands (Table 7) . Three patients with atrophy localized to the hands (Cases 1, 45, and 51) underwent EMG. The EMG of one (Case 1) was normal; that of Case 45 was compatible with upper motor neuron involvement. In Case 51 the EMG revealed fibrillation potential in one small area of the left lateral triceps and fasciculation in the left abductor pollicis brevis. There were also motor units of increased duration and decreased number of firings in the distal muscles of both upper ex- tremities and in the proximal muscles of the left upper extremity, but there was no abnormal finding in the paraspinal muscles. The EMG was interpreted as showing a chronic denervation process involving C-8 and T-I roots and as being consistent with bilateral lower cervical radiculopathy, but this also could result from a cervical intraspinal lesion. The results of pathological exploration and the EMG are conflicting and make it difficult to explain the lesions only by the mechanism of anterior horn cell involvement.
The alternative mechanism for the production of atrophy localized in the intrinsic hand muscles is disuse atrophy secondary to selective involvement of corticospinal tract fibers to the hands and arms. This could be due to ischemia from compression of vessels or to enlargement of the central canal from blockage of the CSF flow. Hydromyelia or syringomyelia and acute central spinal cord injury, ~8'29 characterized by more profound weakness of the upper extremities with less weakness of the lower extremities and bladder disturbance, are the other conditions that produce central spinal cord injury. In our Case 39, the presence of decreased pain and temperature sensation in a cape distribution was highly suggestive of the "chronic" central cord injury of the upper cervical cord. The atrophy of the hand in Cases 1 and 45, in which EMG findings were negative, also could be produced by this central cord injury localized to the high cervical level.
